ABSTRACT
Introduction 1
Since the sick building syndrome of the 1970s and the World Health Organization's 2 "Declaration on Occupational Health for All" in 1994, 1 occupational health has become a salient 3 issue among health professionals and architects alike. With the increased interest today in green 4 architecture, daylighting is becoming an important design consideration. Typically, daylighting 5 recommendations are made in the form of daylight factor levels ranging between 2% to 6% 6 depending on building types and activities. A daylight factor is a percentage of indoor 7 illuminance compared to the outdoor illuminance on a horizontal surface. The daylight factor 8 principle is valid for stable overcast sky conditions only; sunny conditions are too dynamic and 9 changing to be considered.
10
Although there are many studies that have explored the relationship between daylighting, 11 psychological well-being and workers' productivity or school children's performance, 2-4 few 12 have addressed the impacts of daylight at the work place on sleep, quality of life, and overall
13
health. Exposure to light-dark patterns is one of the main environmental cues for circadian 14 rhythms that influence approximately 24-hour biological, mental, and behavioral patterns such as 15 sleep and activity. 5 The timing of light exposure is very influential on these rhythms, and 16 previous research has shown that office environment lighting during work hours can act as a 17 regulator of circadian physiology and behavior, with blue-enriched artificial lighting even 18 competing with natural light as an entrainer. 6 Given that office hours occur during biologically 19 natural daylight hours, we posit that light exposure in the office environment will have effects on 20 sleep, and via sleep and other influences also have effects on physical and mental health.
21
There is much evidence that links insufficient sleep and/or reduced sleep quality to a 22 range of significant short-term impairments such as memory loss, slower psychomotor reflexes 23 and diminished attention. [7] [8] [9] If windowless environments or lack of daylight affect office workers' 1 sleep quality, there will be subsequent effects not only individually but also on a societal level, 2 leading to more accidents, work place errors, and decreased productivity. Sleep quality is also an 3 important health indicator that may have effects on and interactions with mood, 10, 11 cognitive 4 performance, 12 and health outcomes such as diabetes 13 and other illnesses. Therefore, it is crucial 5 to investigate the effects of daylight as it may provide a profound way to improve office workers' 6 productivity and health as well as the safety of the community they work and live in. Deprivation 7 to light damages monoamine neurons and produces a depressive behavioral phenotype in rats. 14 
8
In humans, a direct correlation between the severity level of seasonal affective disorder and 9 exposure to natural light is well documented. [15] [16] [17] Results of several studies suggest that both 10 natural and artificial bright light, particularly in the morning, can significantly improve health 11 outcomes such as depression, agitation, sleep, circadian rest-activity, and SAD.
18-26

12
The aforementioned effects of light exposure, or the lack thereof, illustrate the about the specific objectives of the study but were informed that the study was about the impact 16 of work place, physical and social conditions on productivity and well-being.
17
In addition, a subset of the participants had actigraphy recordings to measure light 18 exposure, activity, and sleep. A total of 21 participants had actigraphy recordings, including 10 19 office workers in windowless work places and 11 office workers in work places with windows.
20
Participants were selected for actigraphy based on a convenience sample with volunteers from 21 office locations with and without windows.
22
Once the volunteers were identified, daylight factors at their workstations were measured.
23
Only daylight factors above 2% were kept in the study for workers in work places with windows. characteristics (self-reported amount of exposure to daylight on a scale of 1-10 with 1 being 7 always exposed and 10 being never exposed, hours of outdoor activities per day, eating behavior 8 prior going to bed and duration of current light exposure level). immobile. Wake threshold selection was set at medium.
5
Actigraphy measures were calculated as the average of each participant's valid workdays 6 (split into wake time to 8AM for workday mornings, 8AM to 5PM for work hours, and 5PM to wake time to 8AM for workday mornings, 8AM to 5PM on workdays for work hours, 5PM to 2 sleep start for workday evenings, and for wake periods during free days). day, eating behavior prior to going to bed, and duration of current light level exposure (Table 1) .
Therefore, these two groups are comparable except in their amount of self-reported amount of 6 exposure to daylight (Table 2 ).
7
For the subset of participants with actigraphy recording, distributions of the 8 demographics and behavioral characteristics as measured by the daylight deprivation survey 9 between workers in work places with no windows and workers in work places with windows are 10 comparable to respective distributions in the overall group, again with no significant differences 11 in these distributions between these groups except in their amount of self-reported amount of 12 exposure to daylight. The self-reported amount of exposure to daylight scale show office workers in work 16 places without windows perceived they had significantly less exposure to daylight compared to 17 office workers in work places with windows, as expected (Table 2) . Results from actigraphy 18 confirm average light exposure differences during work hours for the two groups, with workers 19 in work places with windows receiving more light exposure than workers in work places without 20 windows (Table 3 and Figure 1a ; 3.00 log lux versus 2.58 log lux; p=0.02). There was no 21 significant difference in light exposure from wake time to start of the work period ( (Table 4) .
15
Participants in work places without windows reported poorer scores on all eight dimensions of 16 the SF-36 compared to participants in work places with windows.
17
In addition, actigraphy monitoring indicates that workers with windows had more than 18 four times as much activity on average during work hours than workers without windows,
19
although this difference did not reach statistically significance (Table 3 and Figure 1b ; 476,290 20 activity counts versus 115,280 activity counts; p=0.06). There was also a trend for workers with
21
windows to have more physical activity during workday mornings ( and free days (R=-0.138, p=0.55). Workers without windows reported a tendency towards having poorer scores on overall 8 sleep quality from the global PSQI score compared to workers with windows (Table 5 and Figure   9 3; p=0.05), although we did note that the global PSQI score in both groups is high as a score 10 greater than 5 is considered suggestive of poor sleep quality. The significant difference in global 11 score may be attributed mainly to sleep disturbance, which was found to be different between the 12 two groups (Table 5 and Figure 3 ; p=0.02), while differences in daytime dysfunction and sleep 13 efficiency components contributed only moderately to poorer global PSQI scores for workers 14 without windows compared to workers with windows (Table 5 and Figure 3 ; p=0.08, and p=0.07, 15 respectively). Other PSQI sub scores did not differ significantly between the two groups.
16
Analysis of rest and activity patterns from actigraphy data show workers with windows at 17 the work place slept an average of 46 minutes more on average per night during the workweek 18 than workers without windows at the work place ( sleep quality, more physical activity, and higher quality of life ratings compared to office 12 workers in the work place without windows.
13
This study has some limitations that could be addressed in future work. For example, the 14 small sample size and sampling methodology could be addressed in a larger study. Participants 15 for this study were volunteers based on a convenience sample, which may have introduced bias.
16
The amount of light in an office may be associated with position or level of experience in the 17 work place; however, we found no differences in age, race, gender, years at current job, and 18 duration of working in current light levels between workers in office settings with and without
19
windows. We also do not have data from the participants on caffeine use, measurements of stress 20 levels, and chronotype, which is of interest given the outcome measures of this study. Although
21
we observed no differences in sleep onset time between the two groups of workers on both 
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